Introduction
============

Melanoma is a tumor with an aggressive nature, high degree of metastasis and a rising incidence rate [@B1]. Although significant discoveries have expanded therapeutic options in recent years, there are still many clinical challenges toward treating this disease. Yes Associated Protein 1 (YAP) and Transcriptional coactivator with PDZ-Binding Motif (TAZ) are two transcriptional coactivators that have been implicated to drive many different cellular processes that favor cellular proliferation, drug resistance, and metastasis in a wide variety of cancers, including melanoma [@B2], [@B3]. YAP and TAZ were originally discovered as crucial members of the organ size controlling Hippo Pathway, where a central core kinase cascade regulates the location (and subsequently the transcriptional activity) of YAP and TAZ. In addition to the Hippo Pathway, recent studies have also shown YAP and TAZ to be regulated by a wide variety of Hippo independent signals [@B3]. Both YAP and TAZ do not contain a DNA binding domain, so formation of a complex with transcription factors to drive expression of downstream target genes is required. Traditionally their main partners in driving cancer progression and survival are the TEAD family of transcription factors [@B4]. Thus, it is possible that inhibition of YAP/TAZ- TEAD interaction could prove to be a viable therapeutic strategy against melanoma.

Verteporfin (market name Visudyne) is a benzoporphyrin derivative that has been traditionally used in the clinic for photodynamic treatment of macular degeneration [@B5]. A recent *in vitro* screen yielded Verteporfin as a candidate inhibitor of YAP-TEAD interaction independent of light activation [@B6]. Since then, many studies have shown that Verteporfin inhibits tumor volume, growth, and YAP expression in a wide variety of xenograft models [@B7]. While xenograft models in melanoma are a valuable tool for studying human melanoma cells and the process of metastasis in an *in vivo* environment, this mouse model is poorly predictive of clinical efficiency [@B8]. Transgenic models, with intact microenvironments and immune systems, are a better predictor of translational outcomes for human patients [@B9], [@B10]. Prior to these studies, Verteporfin use has not been examined in cutaneous melanoma. Therefore, the ability of Verteporfin to inhibit melanoma growth and survival was tested. The response to Verteporfin by a panel of human melanoma cell lines in culture in terms of YAP and TAZ protein levels, cell growth, migration, and cellular morphology was measured. In addition, Verteporfin was tested as a therapeutic agent for melanoma in a pre-clinical transgenic model, *Braf^CA^; Tyr-CreERT2*; *Pten^f/f^* mice, following a determined dosing regimen at clinically relevant drug levels.

Materials and Methods
=====================

Cell culture and growth curves
------------------------------

Human melanoma lines A375, LOX IMVI, A375-P, A375-M, mel-537, mel-624, SKMEL5, SKMEL23 and SKMEL28 (ATCC, Manassas, VA and University of Chicago Comprehensive Cancer Center Core Facilities) were cultured in DMEM with 10% FBS (Sigma-Aldrich). A375M and A375P refer to selected cell lines derived from A375 cells that exhibit low and high levels of metastasis for the A375 cell line *in vivo* [@B11]. Morphology, melanoma-marker testing, and histological analysis were used to verify melanoma cell identity and lack of mycoplasma contamination. For cellular growth curves, Cells were initially seeded at 10-20% and images in 5 random locations were taken daily. Cell numbers were calculated by averaging the daily cell counts for each of the 5 images per group over the course of 0 to 8 days in various conditions (Verteporfin treatments, DMSO treatments, YAP/TAZ knockdowns and transfection with siScramble controls). All growth curve experiments were performed minimally in triplicate. Normalization of curves was performed by calculating fold change levels over starting cell numbers from day 0.

Western analysis
----------------

Cells were lysed in RIPA buffer and 30 μg total protein was separated on 4-15% Bis-Tris gels and subsequently transferred to nitrocellulose membranes. The membranes were then probed overnight with 1:1000 YAP/TAZ antibody (Cell Signaling) and 1:10000 GAPDH (Cell Signaling). Membranes were washed with 1X TBS-T three times for 20 minutes and incubated with 1:4000 goat anti-rabbit IgG-HRP (Santa Cruz) and developed with Clarity Western ECL substrate according to the manufacturer\'s instructions (Bio-Rad).

Verteporfin timecourse
----------------------

Cells were treated with Verteporfin (Sigma- Aldrich) at concentrations of 1, 2, 5 μM, or DMSO carrier alone. Cell lysates were collected at various time points (30 minutes, 2 hours, 3 hours, 24 hours) and analyzed for YAP and TAZ levels via Western blotting. Verteporfin treated samples were compared to DMSO vehicle control treated cells.

SiRNA treatment
---------------

Cells were seeded at 50-70% confluency in 6-well plates and subsequently transfected with 5μl of a 20μM siRNA stock solution against YAP1, WWRT1 (TAZ), and/or siScramble (Thermofisher ID Number S20366-YAP1, S24787 - WWTR1, 4390844 - siScramble) using Lipofectamine 3000 (Thermo Fisher) according to the manufacturer\'s instructions. Cell lysates were collected 2 days post-siRNA transfection.

Scratch assays
--------------

Scratch assays were performed and analyzed following prior methods [@B12], [@B13]. Cells were seeded at full confluency in 6 well plates. After siRNA transfection a wound was created using a 10 μL sterile tip. The media was then replaced with DMEM (10% FBS) with or without 2 μM Verteporfin. Photographs were taken immediately after wound creation and 24 hours post scratch. The open area was measured in arbitrary units using the ruler tool in Adobe Photoshop CS6. Percent closure for each picture pair (0 hr and 24 hr) was calculated as (gap at 24 hr/gap at 0 hr X 100). For each group (experimental and control) and cell line, the experiments were performed minimally in triplicate. For graphs shown in Figure [3](#F3){ref-type="fig"}, the level of closure for each control cell line at 24 hr is set to 100% to normalize the data across cell lines.

Cell length and morphology
--------------------------

Cells were treated with Verteporfin, siYAP/TAZ, or DMSO alone (2 μg/ml). Cell length was defined as the length from the tip of the longest dendrite to the cell body to the tip of the second longest dendrite. Length was then measured in arbitrary units for 50 cells in each group using the ruler tool in Photoshop CS6.

Mouse Verteporfin treatments
----------------------------

*Braf^CA^*; *Tyr-CreERT2*; *Pten^f/f^* mice were previously described [@B14]. For localized melanoma induction, topical administration of 1-2 μl of 1.9 mg/ml (5mM) 4-hydroxytamoxifen (4HT) was applied on three consecutive days to 12 week old *Braf^CA^*; *Tyr-CreERT2*; *Pten^f/f^* mice. The mice were subjected to 4 and 6 mg/kg Verteporfin intraperitoneal injections every other day for the course of the study starting the first day of melanoma induction. An equivalent amount of DMSO was used as a vehicle control. Tumors were collected 42 days post induction.

Mouse Verteporfin kinetics
--------------------------

The following protocol was modified from previous methods [@B15]. Wildtype mice (6 mice/group) were subjected to 0, 2, 4, 6 mg/kg Verteporfin intraperitoneal injections. Mouse tissue samples were collected 6, 24, 48, and 72 hours post IP-injections. The samples were then homogenized in 2% SDS, diluted tenfold with a chloroform-methanol binary mixture (1:2 v/v), and centrifuged for 10 min at 3000 RPM. The resulting supernatant was then measured using fluorescent spectroscopy with excitation settings at 400 nm and emission at 550-750 nm.

Immunohistochemistry
--------------------

Skin tumor samples were harvested from mice 42 days post induction. Tumor samples were fixed with formalin and subsequently paraffin embedded. Tissue was cut into 5μm slices and rehydrated through an ethanol to water wash series. Antigen retrieval was performed by boiling the sections in Tris-EDTA buffer for 30 minutes and subsequently placed in cold ddH~2~O for 10 minutes. Sections were blocked using 5% normal horse serum in 1X TBS and probed for YAP/TAZ (Cell Signaling, 1:200) at 4 degrees Celsius overnight. Sections were washed with 1X TBS-T and incubated with DyLight 594 Anti-Rabbit IgG (diluted in blocking buffer 1:200, Vector Labs) at room temperature for an hour. Three additional washes with washing buffer for 5 minutes were performed prior to mounting with Vectashield Anti-fade Mounting Medium with DAPI (Vectashield).

Densitometric analyses of YAP/TAZ expression
--------------------------------------------

To quantify levels of expression of YAP and TAZ in experimental and control group tumor specimens, 10 images were taken from 3 independent slides where YAP and TAZ expression were detected by immunofluorescence analysis. For each image, densitometry of the resultant fluorescence was performed with ImageJ software (ImageJ version 1.47 public domain software; National Institutes of Health, Bethesda, MD, USA). For normalization of the values, each densitometric reading for YAP/TAZ (red channel) was divided by the value for the nuclear DAPI staining from the blue channel. The data presented are densitometric readings from the averages of three independent slides per group.

Statistical analyses
--------------------

Significance of the differences between the control and experimental groups was determined with Student\'s t-test and Chi-square analysis with a confidence interval of 95%. All values stated as significant have p values of less than or equal to 0.05 unless indicated. All experiments were performed minimally in triplicate.

Results
=======

YAP and TAZ are expressed in melanoma cells, and this expression is reduced by Verteporfin
------------------------------------------------------------------------------------------

To initially determine the effect of Verteporfin on YAP and TAZ, 9 human melanoma cell lines were analyzed for the presence of YAP and TAZ proteins. 7 lines expressed varying degrees of both YAP and TAZ protein, while 2 lines expressed either YAP or TAZ (Figure [1](#F1){ref-type="fig"}A). Three lines (A375, SKMEL5, mel-537) were chosen for further analysis based on their varying degrees of YAP and TAZ expression. The benzoporphyrine derivative, Verteporfin (Figure [1](#F1){ref-type="fig"}B), was identified as an inhibitor of YAP and TAZ function [@B6]. Verteporfin treatment (2 μM) lead to a decrease in both YAP and TAZ protein levels that was detectable as early as 30 minutes and up to 24 hours (Figures [1](#F1){ref-type="fig"}C,1D).

Both Verteporfin treatment and direct RNA-interference of YAP and TAZ inhibits cell population expansion in melanoma cells
--------------------------------------------------------------------------------------------------------------------------

YAP and TAZ, as downstream effectors of the HIPPO signaling pathway, are implicated in controling cellular proliferation and organ size in humans and flies [@B16], [@B17]. To determine if Verteporfin affects melanoma cell growth, cell numbers were recorded over a time course with exposure to the drug or with carrier alone (DMSO). Verteporfin treatment at 2 different concentrations (2 and 5 μM) led to a reduced rate of melanoma cell proliferation over a time-course of several days as compared to vehicle control (Figure [2](#F2){ref-type="fig"}A). While each cell line exhibited multiple population doublings in control groups, the rate of cell proliferation in Verteporfin-treated groups did not significantly rise above starting cell numbers in the three lines tested. Here, we find that Verteporfin significantly inhibits cell growth in A375, mel-624, and mel-537 melanoma cells at concentrations of 2 and 5 μM.

Since Verteporfin treatment led to a reduction of cellular growth and YAP/TAZ protein levels, and that Verteporfin has been previously described to inhibit YAP and TAZ function [@B6], inhibition of YAP and TAZ through siRNA targeting was performed to determine if the resulting cellular phenotype would replicate that of Verteporfin treatment. Multiple YAP and TAZ specific siRNAs were tested for specificity and efficiency in inhibition (Figure [S1](#SM0){ref-type="supplementary-material"}), and siTAZ2 and siYAP4 were utilized for all following experiments. These siRNAs inhibit \>90% of each protein, as well as both factors when combined (Figure [2](#F2){ref-type="fig"}B). In parallel to the findings for Verteporfin, inhibition of both YAP and TAZ lead to a significant reduction in the rate of melanoma cell proliferation as compared to the siScramble control group (Figure [2](#F2){ref-type="fig"}C). Block of both YAP and TAZ expression resulted in cell numbers of \<50% and \<10% in A375 and mel-537 cells, respectively, in comparison to siScramble control groups, as determined by quantification of cell numbers in at least 5 cell fields/group (100X magnification). Both Verteporfin treatment and inhibition of YAP and TAZ by siRNA resulted in a significant attenuation in cell population expansion in A375 and mel-537 cells.

Cellular response between Verteporfin treatment and direct RNA-interference of YAP and TAZ is divergent in terms of cellular morphology
---------------------------------------------------------------------------------------------------------------------------------------

Other functional tests, including migration assays and cell length quantification, were performed on cells treated with Verteporfin and YAP/TAZ siRNA treated cells. To test migration, wound healing assays were performed, and the scratch area was measured right after wound creation (time 0). At set times after the procedure (depending on cell line) the distance of cells migrating into the area was measured. Two sets of experiments were run, one with Verteporfin and DMSO as a control (Figure [3](#F3){ref-type="fig"}A), and siYAP/TAZ and siScramble as a control (Figure [3](#F3){ref-type="fig"}B). To normalize findings between cell lines, gap closure of control cells at 24 hours post scratch formation is set at 100% control closure levels. Both experiments showed similar but not identical trends. Verteporfin inhibited migration in 4/6 cell lines. One of the lines with a significant attenuation in migration by Verteporfin, A375, had a similar trend with siYAP/ TAZ, albeit not to significant levels. In addition, mel-537 cells did not demonstrate any significant migratory change with Verteporfin treatment, but migration of this cell line was significantly inhibited with siRNA interference of YAP and TAZ.

Cell morphology and length was also analyzed between Verteporfin treated cells and cells with YAP and TAZ inhibition with siRNA. Overall, the cells had morphological differences between all groups. In comparison to controls, Verteporfin treated cells were rounded and appeared to have vesicles, while the siYAP/TAZ treated cells were longer and linear/bipolar rather than epithelioid/polygonal (Figure [4](#F4){ref-type="fig"}A). The siYAP/TAZ treated cells were significantly longer than control cells, while Verteporfin treated cells were not. The overall cell length was measured as the distance from the distal points from the longest dendritic-like process to the cell body and then again to the next longest process (Figure [4](#F4){ref-type="fig"}B). After siRNA induced YAP/TAZ knockdowns, both A375 and mel-537 cells increased processes to 134.2% ± 36.8% and 135.1 ± 48.8% respectively as compared to all other groups (DMSO, Verteporfin, siScramble, n = 200 cells/group, p\<0.05). While there were similar trends between Verteporfin treated cells and cells with YAP/TAZ inhibition due to siRNA interference, there were also some differences in the cellular response including migration, morphology, and cell length.

Verteporfin treatment of a mouse model of melanoma does not result in a significant change in tumor initiation, progression, or overall tumor size
--------------------------------------------------------------------------------------------------------------------------------------------------

Verteporfin treatment was tested in an *in situ* transgenic model of melanoma. For this pre-clinical study, parameters were set utilizing a model that has similar tumor progression and genetics to the human disease, and with drug dosing that follows levels outlined for prior human clinical trials and usage in patients. For the mouse model, the *Braf^CA^; Tyr-Cre ERT2; Pten^f/f^*transgenic mice, where topically administered tamoxifen induces expression of a mutant Braf allele and deletes Pten expression [@B14], was selected to induce *in situ* melanoma formation (Figure [5](#F5){ref-type="fig"}). This model mimics human disease genetically, histologically, and in the kinetics of disease progression. After three treatments of tamoxifen topically, the model typically develops pigmented lesions in approximately two weeks that quickly progresses to large nodular tumors within the following 2-4 weeks [@B14], [@B18]. In terms of dose, amounts were derived from prior studies for human use, and equivalent levels were given to the mice that were determined to be safe in humans in the clinic, following guidelines outlined by the Treatment of Age-related Macular Degeneration with Photodynamic Therapy (TAP) study group [@B19] and in clinical trials for eye disease and cancer [@B20], [@B21]. In these studies, it was determined that optimal dose was 6 mg per square meter of body surface area (but up to 12 mg/m^2^ was tolerated). Following prior methods for conversion between mg/m^2^ to mg per kg of body weight [@B22], [@B23], this converts to 0.2-0.4 mg/kg for humans, or 2-4 mg/kg for mice.

To properly test Verteporfin as a therapeutic *in vivo*, we tested the kinetics of Verteporfin in the C57B6 mouse strain. Following previously published methods [@B15] we first identified optimum absorbance for detecting Verteporfin in tissues (680 nm) as well a corresponding spectral peak for background and low Verteporfin absorbance (540 nm). Readings were normalized by dividing Verteporfin readings at 680 nm by background levels at 540 nm (Figure [S2](#SM0){ref-type="supplementary-material"}A). To test penetrance and durability of Verteporfin in mouse tissues, mice were treated with three doses of drug (2, 4, and 6 mg/Kg) and liver and skin tissues were collected over a time-course of 6, 24, 48 and 72 hours. Verteporfin levels in both the skin and liver dropped quickly in the first 24 hours but were still present for up to 3 days post injection (Figure [S2](#SM0){ref-type="supplementary-material"}B). Based on these control experiments, a drug treatment regimen of intraperitoneal injections every other day at 2 different Verteporfin concentrations was performed.

Under the conditions tested, Verteporfin treatment did not inhibit tumor initiation as compared to the DMSO control (Figure [6](#F6){ref-type="fig"}A). Verteporfin and DMSO treated control mice were observed daily for the presence of pigmented lesions at the location of tamoxifen treatment on shaved back skin. Both experimental and control groups developed nevoid-like growths between 18 to 21 days post tamoxifen induction, with insignificant differences in nevi appearance between the 4 and 6 mg/Kg groups and the control mice using either the Mantel-Cox log-rank test (P = 0.3462) or the Gehan-Breslow-Wilcoxon test (P = 0.5597).

In our system, there was no significant difference in the progression of tumors in terms of overall tumor size. After tumor initiation, the pigmented lesions develop into nodular melanoma in this mouse model in approximately 4 weeks after tamoxifen induction (Figure [5](#F5){ref-type="fig"}). At 45 days, the tumors grew to nodules of approximately 1cm^3^ and mice were sacrificed and tissue was harvested. The gross appearance of tumors was similar between groups (example shown in Figure [6](#F6){ref-type="fig"}B). Mouse tumors were measured with a caliper externally and volumes were calculated using the formula V= a X b^2^/2, where a is the largest diameter and b in the smallest [@B24]. Tumor sizes are normalized to percent of the average size for control (DMSO treated) tumors. There was not a significant difference in tumor size between treatment and control groups (p=0.262, Figure [6](#F6){ref-type="fig"}C).

Levels of YAP/TAZ were detected in the collected tumors. Immunohistochemical staining for YAP/TAZ shows no reduction of YAP/TAZ levels in Verteporfin samples as compared to DMSO control (Figure [6](#F6){ref-type="fig"}D). To quantify the immunofluorescent staining, YAP/TAZ (red channel) was measured by densitometry using image analysis (ImageJ) from 3 samples and 10 separate images per sample, and the values were normalized to DAPI nuclear stain fluorescence (blue channel). The difference in the fluorescent staining between experimental and control groups was not significant (p=0.326, Figure [6](#F6){ref-type="fig"}E).

In summary, we provide evidence that although Verteporfin induces both a rapid drop in YAP/TAZ protein levels and a reduction in melanoma cell numbers in culture, it does not inhibit melanoma tumor initiation and progression *in vivo* in *Braf^CA^, Tyr-CreERT2, Pten^f/f^* mice. These data suggest that a role for Verteporfin as a candidate for melanoma therapeutics is limited.

Discussion
==========

YAP and TAZ make attractive targets for melanoma therapy due to their roles in melanoma progression. Recent reports implicating Verteporfin as a molecule that targets and disrupts the function of these proteins make this small molecule inhibitor an attractive melanoma therapeutic candidate. While our data and others support an inhibitory role of Verteporfin on YAP/TAZ proteins in culture and in orthotopic models, this drug was not effective in the *Braf^CA^; Tyr-CreERT2; Pten^f/f^* transgenic model of melanoma. The work presented here demonstrates some in culture effects of Verteporfin on tumor cells that mirror YAP/TAZ inhibition by siRNA (Figure [2](#F2){ref-type="fig"}). However, there are also some notable differences. Most notably, there was a significant divergence in outcomes on cellular phenotype and cell length. While siRNA targeting YAP and TAZ induce an elongated bipolar cell morphology, this was not seen with Verteporfin treatment over a wide span of drug concentrations (0.1 ng to 10 μM) (Figure [4](#F4){ref-type="fig"} and data not shown). An even more significant difference between our studies and prior published works is the reporting of significant *in vivo* anti-tumor properties of Verteporfin while our findings do not. While the findings in these other papers record significant findings, we believe that the lack of response Verteporfin treatment in this report (Figure [6](#F6){ref-type="fig"}) is due to differences in our experimental approach. The rationale for this conclusion is 1) the mouse models used in the studies, 2) the methods used to calculate proper dosage of drug, and 3) drug delivery route. Our studies, as designed, should more faithfully predict how Verteporfin would function in clinic as a drug treatment of melanoma.

To conduct the experiments presented here, a transgenic model of melanoma was employed since the *in situ* initiation, tumor progression, disease kinetics, and histopathology more faithfully mimic human melanoma [@B14], [@B25] than the immunodeficient transplant models used for other published studies [@B26]-[@B31]. This difference between models may reveal some insight into the mechanism of action of Verteporfin. While we saw no effect against melanoma tumors in our model (Figure [6](#F6){ref-type="fig"}) there is no doubt that there is a measureable and significant consequence of Verteporfin treatment in the transplant models. It may be that some (or all) of the responsive cells are not the tumor cells at all but the supportive vasculature. Verteporfin is demonstrated to inhibit angiogenesis and lymphangiogenesis in both eye diseases and cancer models [@B32]-[@B34]. The disparity in findings may be due to different vascular requirements of tumors formed *in situ* in a native environment versus a large mass of transplanted tumor cells. Another clue is the impressive findings of Verteporfin use in uveal melanoma models [@B26], [@B31]. One of these studies, unlike the other published works that rely on xenograft immunodeficient mouse models, uses a clinically relevant orthotopic transplant to the vascular rich environment of the eye [@B31]. It is not clear if the results are the consequence of YAP/TAZ inhibition of the transplant cells or from Verteporfin influencing the surrounding vascular cells, and if YAP/TAZ is or is not the direct target within these vascular cells. Indeed, there are reports that find the action of Verteporfin to be YAP/TAZ independent and our studies support these findings [@B35], [@B36].

Another major difference in the experiments presented here and other studies are the levels of Verteporfin used to treat the mice, as well as the delivery of the drug. As we focused on designing a murine treatment plan that would faithfully predict how Verteporfin could function clinically as a melanoma therapeutic, we decided to utilize the mouse equivalent dosing of Verteporfin that is used in clinic. This is in stark contrast to previously published works, which use 200-2000X the levels of drug over that what is tested as safe in humans. In support of this, many of the published studies report a decrease of weight of the experimental mice in comparison to controls. While this may be due, as proposed, to reduced tumor burden, it may also be a sign of cachexia. The dosing in the studies presented here follow levels deemed safe for humans clinically [@B19] and calculated to the equivalent dosing in mice. In addition, while other studies inject Verteporfin or related compounds directly into or proximal to the tumor site, the studies presented in this report relied on systemic treatment. The rationale for this approach is that for clinical efficiency, it is necessary for compounds to travel through the body in a biologically active form and reach tumors. Melanoma may present with a primary cutaneous site, but often there are multiple metastases and these secondary tumors are linked to the morbidity and mortality of this cancer [@B37]. We find that the drug reaches distal sites (Figure [S2](#SM0){ref-type="supplementary-material"}), but may be an inactive metabolite, since YAP/TAZ levels are unaffected in the tumors (Figure [6](#F6){ref-type="fig"}). While our studies do not support Verteporfin as an option for melanoma therapy, our studies and others do support that Verteporfin has potential beyond its current use as a photodynamic therapeutic.
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![Verteporfin treatment decreases YAP and TAZ protein levels in melanoma cells. (A) YAP and TAZ are expressed in melanoma cells. Western blot analysis probing for YAP and TAZ, with GAPDH as a loading control, was performed in a panel of cell lines (Lanes 1-9). (B) Chemical structure diagram of Verteporfin, as modified from information from manufacturer (Sigma-Alrich). (C) YAP and TAZ protein levels drop upon Verteporfin treatment. A375, SKMEL5, and mel-537 cells were treated with Verteporfin at 2 μM. DMSO was used as a vehicle control. 2 hours after treatment, cell lysates were collected for Western blot analysis. (D) A375 cells were subjected to Verteporfin treatment (2 μM) and cell lysates were collected 30 minutes, 3 hours, and 24 hours post treatment for Western analysis testing for YAP and TAZ expression, with GAPDH as a loading control.](jcav10p0001g001){#F1}

![Verteporfin treatment and direct RNA-interference of YAP and TAZ inhibits cell population expansion. (A) Verteporfin treatment reduces the rate of melanoma cell proliferation. A375, mel-624, and mel-537 cells were subjected to Verteporfin treatment (2 and 5 μM) and cell counts were taken over the course of 5 days. There are significant differences between control and experimental groups at 5 days of treatment (p\<0.05). Cells from at least five independent fields (100X magnification, with approximately 10-500 cells/field depending on experimental group and conditions) for each experiment were counted, and experiments were performed in triplicate. Graphs are plotted as fold change in overall cell numbers (y axis) over time (x axis). (B) Gene-specific targeting of YAP, TAZ, or both in melanoma cells. Western analysis probing for YAP and TAZ, with GAPDH as a loading control, was performed in A375 (top panel) and mel-537 (lower panel) cell lines. Expression of both YAP and TAZ is inhibited by \>90% of control levels as measured by densitometry for both cell lines (A375 and mel-537). (C) Gene-specific siRNA against YAP and TAZ lead to reduced melanoma cell numbers when compared to cells transfected with siScramble negative control siRNAs. There is a significant difference in cell numbers at day 3 (A375) or Day 6 (mel-537)(p\<0.05). Cell counts were performed following methods described in (A).](jcav10p0001g002){#F2}

![Both Verteporfin treatment and siRNA inhibition of YAP and TAZ inhibit melanoma cell migration. (A) Wound healing assay in Verteporfin (2μM) treated melanoma cells. The percent of wound closure was measured by dividing the width of the initial wound with the width of the wound 24 hours post scratch for the various groups comparing Verteporfin treated cells to control in 6 different melanoma lines. DMSO was used as a vehicle control. (B) Wound healing assay in YAP/TAZ siRNA inhibited melanoma cells. The percent of wound closure 24 hours post wound was measured comparing YAP/TAZ knockdown cells to siScrambled control in A375 and mel-537 cells. For both panels, an asterisk (\*) indicates p\<0.05, or p\<0.005 for SKMEL-28 cells.](jcav10p0001g003){#F3}

![Verteporfin treatment does not phenocopy dual YAP/TAZ knockdown. (A, B) YAP and TAZ loss through siRNA inhibition, but not Verteporfin treatment, induced elongated dendritic extensions. Dendritic extension length was measured in Verteporfin treated (2μM) or YAP/TAZ siRNA inhibited in A375 and mel-537 cells 2 days post treatment. DMSO vehicle and siScramble treatments were used as controls. Examples of overall cellular morphology (A) and quantification of dendritic extensions (B) where average control cell length is set at 100% cell length. For each group, at least 200 cells/group was measured. Only the siYAP + siTAZ cell group demonstrated a significant length difference when compared to its matched control group siScramble (both cell lines p\<0.05 as indicated by an asterisk (\*)).](jcav10p0001g004){#F4}

![Summary schematic of *Braf^CA^; Tyr-CreERT2; Pten^f/f^* murine melanoma model experiments. (A) Treatment and transgenes in the *Braf^CA^; Tyr-CreERT2; Pten^f/f^*model. 4-hydroxytamoxifen (4HT) is applied topically, which deletes PTEN while simultaneously inducing expression of a constitutively active BRAF, inducing melanoma in the mouse. (B) Schematic of timeline for experimental procedure and kinetics of tumor initiation and progression.](jcav10p0001g005){#F5}

![Verteporfin treatment does not inhibit tumor initiation or YAP/TAZ protein levels in murine melanoma model. Topical administration of 1-2 μl of 1.9 mg/ml (5mM) 4-hydroxytamoxifen (4HT) was applied on three consecutive days to 12 week old *Braf^CA^; Tyr-CreERT2; Ptenf^/f^* mice. The mice were subjected to 4 and 6 mg/kg Verteporfin intraperitoneal injections every other day for the course of the study starting the first day of melanoma induction. (A) Verteporfin treatment does not significantly alter initiation of melanocytic tumors from DMSO control treated mice. Mice were observed daily for the presence of pigmented lesions at the location of tamoxifen treatment on shaved backskin. Percent of mice lesion free are graphed by percentage (y axis) over a time course (x axis). (B,C) Verteporfin treatment does not inhibit tumor progression of melanomas in the *Braf^CA^; Tyr-CreERT2; Pten^f/^*^f^ mice. Examples of gross specimens post dissection are shown (B). Mouse tumors are measured with a caliper externally and volumes were calculated using the formula V= a X b^2^/2, where a is the largest diameter and b in the smallest [@B24]. Tumor sizes are normalized to percent of the average size for control (DMSO treated) tumors and graphed by group (C). There was not a significant difference in tumor size between treatment and control groups at 45 days post tumor induction (p=0.262). (D,E) Immunohistochemical stain for YAP/TAZ shows no reduction of YAP/TAZ levels in Verteporfin samples as compared to DMSO control. Tumor samples were fixed with formalin and subsequently paraffin embedded. 5 μM sections were cut and probed for YAP/TAZ. For the graph in (E), fluorescent staining for YAP/TAZ (red channel) was quantified by densitometry measurements using image analysis (ImageJ) from 3 samples and 10 separate images per sample, and the values were normalized to DAPI nuclear stain fluorescence (blue channel). There was not a significant difference in the fluorescent staining between Verteporfin treated and control DMSO treated groups (p=0.326).](jcav10p0001g006){#F6}
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